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SUNRISE LAKE DAM

WAYNE COUNTY, MISSOURI

MISSOURI INVENTORY NO. 30043

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

PREPARED BY: ST. LOUIS DISTRICT CORPS OF ENGINEERS
FOR: GOVERNOR OF MISSOURI

AUGUST 1978



PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Sunrise Lake Dam

State Located Missouri

County Located Wayne County

Stream Unnamed tributary to Rings Creek

Date of Inspection 12 July 1978

Sunrise Lake Dam was inspected by an interdisciplinary team of

engineers from the Memphis District, U. S. Army Corps of Engineers.
The purpose of the inspection was to make an assessment of the general

condition of the dam with respect to safety, based upon available data
and visual inspection, in order to determine if the dam poses hazards

to human life or property.

The guidelines used in the assessment were furnished by the

Department of the Army, Office of the Chief of Engineers and devel-
oped with the help of several Federal and State agencies, profes-

sional engineering organizations, and private engineers. Based on

these guidelines, this dam is classified as a small size dam with a
high downstream hazard potential. Failure would threaten the life

and property of approximately 3 families downstream of the dam.

The inspection and evaluation indicate that the spillway does not

meet the criteria set forth in the guidelines for a dam having the

above mentioned size classification and hazard potential. According

to the guidelines, the spillway is required to pass the Probable Maximum
Flood (PMF) without the dam embankment being overtopped. The spillway

will only pass 15 percent of the PMF before the dam embankment is
overtopped. Because the spillway will not pass one half of the PMF with-
out overtopping, the dam is classified as "unsafe non-emergency".
The spillway will not pass the 100-year flood without overtopping,
which is a flood that has a I percent chance of being exceeded in any

given year.

Oth:er deficiencies visually observed by the inspection team .were

trees and bushes on the embankment and adjacent to the spillway,
erosion gullies and animal burrows on the embankmcnt, and seepage.
Another deficiency found was the lack of seepage and stability analysis

records.

. .o
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It is recommended that the owner take action to correct or
control the deficiencies described. Corrective works should be
in accordance with analyses and design performed by an engineer
experienced in the design and construction of dams.

ANDERSON
Hydraulic Engineer
Memphis District
Corps of Engineers

ROBERT M. DAVIS
Geologist
Memphis District
Corps of Engineers

UOHN E. MONROE
Soils Engineer

Memphis District
Corps of Engineers

SUBMITE BY: SIGNED 12 SEP 1b,
Chief, Engineering Division Date

APPROVED BY: SIGN F 22 SEP 0"t
Colonel, CE, District Engineer Date
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SFCTITZ I - INFT.J!CT IO A O

1. 1 GIFI:!AL

a. A.uthority. The Natijonal Pan Insnect ion Act, Pullic Law
92-767, authiorized the Secretary of the Arm, throutiph the Corns
of Eniineers, to initiate a progjram- of safety inspection o : danls
throu:-hout the United States. Pursuant to the above, the District
Engineer for the St. Louis District,' Corps of Engineers, diructod
that a safety inspection of the Sunrise Lake Dan be made.

1). Pur-ose of Insnection. The purnose3 of the in ;ection
was to riake an, asssment ov the peneral condition of the dam
with resec tosftbsduo ilable data and visiial in-
snect ion, in ordeor to deotermine if the Iam Poses hazards to human
life or -nr-o-ert\'.

C. Evaluation Criteria. Criteria used to evaluate th,,e dan
were furnishedl by the Penartnment of the A.rmyv, Office of the Chief
o-F Enincers, ini "7Pecnmended (-Uidelincs for Safety Insnection 0'

Pas"TheSe -uidl ines were develoredl with the bela) o'~ several
Fede(,ral a'enicies an(! naurT~ Statc a'enci es, lnro-essionaleniein
or-,aniiations, and iurivate e-n,,ine ers.

1.2 PESCRIPTIO'I OF 1"M-JFCT

a.Poscrint ion of Dam and! An'irtonancos.

(1) The dam is ain earthl structure built in a1 narro,-' vill1ev
in the unlands hi bordelr tho 71ississiani Embaymont
Teno-r ranhv adjacent to the \'alley is rolling to steen).
S oils in thc area are fomno.d of7 red sil tv claws wit!"

frI"wIS w (i Il ite an.d cheort . ToiInaraoihy in the
vic init'' of thC (1-:. is sh1"m onl Plato 2

(2 he o I ax s cc ated i n the r i( <it abut::1eit en A'
corniSt (a a1 Concrete weil- an. pron, A lake drain
ceasistin- of a pipe is connected to a 9-inch control
valve downstreami of the da enbankment.

( Pert inent nh.sical Ida-ta are, gie n nnarnar-ib I.

1b. 1,ocat ion. Theo d~an is located in the north,,esto em )ort io-
or ':V1 ouliit w 'Ii - souri i s shown onl Plate 1 . The ilake famedc~



hx 1 :' s'10:1OTn 0 t''. t25 ~ , ' ~er '1 2

i, oct ion 2 Tw'sU 2 ot~ao~it

C. v1 'i j:itjefl. Cr~i~for Atrvn twsize
i tS I c ic t ,:1 0 d:. 1i:I n 1-( 11.1:t5 'Ie I' re's) e C t a i t I i 0

tus da n Peieetis in the 5011 size catc,"o!''

L :1S~ at Ion aire fl'sftein tOS. 'ie1ines is r.?rece
in arn ~ c ai'ave. Psdon eroo 'ad1ns hsd:

is in a 11ighI Hazard Classification.

e ''rsi1 Th1is Ian" i:s 11%ne i heouti La1ke ic t
-1 - ', iiLeap uc o F Flic<:-ot , Missouri 37

r "'"os e a),,a7 The0 Llon rer:"s a 9)-acre rcr .n ik

soon ater oltioni the damn failed. Then in 1928, the existing
onWas c~Ostruct od! onl top) of tole reO ~u Iehank1nt.

A Qeatin'. rc hr. orral I ra fal n ru' atrm
aira: ~ ~~".az ill co:+ineo tonitn a reaiestaile
wa -,t ,,r -i.ec olo-. iuon. A\ Ilke Ornin is- llt4 1ized -or r.ieon

0t e 1 C ur nlke. lil ,

i i:iin-o A.roa-: 5 acres (1 173- invontc-'')

1 '. P selI;1 r''e at F:: t

(1) A\. 1 d1 -::iar:,o at -,1o dn e is tl.--ti a'. :I nto I
conlcrete so ii o'

1100 at1 wnO

(2 Es t i'ntedol t s ill wa'capacities aIt rxinool00

elevalt on - 30,0 ci's

C. I lolot ionl (Feet .a:'ovc ' .

( TO!) of1 do,: 5 357.0 + (see Plate 5)



(2 ) qillwziv crest- 7 .

(3) Streanhe!l at conteri inc of' dam -533 + ffxtranolat ion
from survey).

(4) 'laxi!IUM ta iliWater-unow

d. Reservoir. Lon'~th of maximum pool - 1100 + fe~et (hJSCls

e. Stora~e (Acre-feet).

85 (11'7('S Ouad 'lap, '7i:rvev and 0,1 acro - eut as
nornal stora! e) .

(2) Normal - 60 (19)73- inventory).

f. Reservoir S-urface (Acre-s)

(1) Top of darl - 12.9 +

(2) Sni liway crest - 9.5 +

g*Pan.

(1) Tvy-) - earth chnma

(2) Len,'.th -1430 + Yet.

(3) I!Ii'h-t -I 4feet -!axilurl.

(4) Toi wi dt'i - varies 57r,!- - 1 + feet.

0 S Si I ope 0-

("I Po'.-strx.A -" l On 1. SNi (Avcra t).

(h) Ilpstream - IV' on 2. (Averasi

(6) 2-onin,- - unlknoin.

(7) Innervious core - uinklnown.

(2)Cutoff - unkn"lownl.

(9) Grout curtain -unknown.

3.............. .



h. Diversion an,! o-uiatin r!~lj ':O

()T\m - an uncontrol1o 1 concroto w~eir.

(2)o- wit~O'~cir - 2". 7 'ot

.7)~ Crc~st cc:nt - 554.8 Foot s.1

(1) -,:-I valve C0ontr2olcc'.

r,) ~v.t oc jj,,j2 3" + I'cct

(3I:':,2rt 0' :i-)o in lake- 54.11. + feet r.S.1.

()Dischv-ro Invort -572fect s.



',"TT 2 - 'r PI':, PAT.

2.1 P': I 1(7

No Ios-, :- data ar' kno :n to cx:ist.

, 2 ''"JT'ctTI':

The Ia"- rciortcdly wizi initiallv co!.:;tructced ia 1.23 1-
:'n! dxc!'ol'"Cflt CO' PI.V, ! It s0On a ctor co"',I c ian, the dal

:liI d. ld I !'2 , the cxiAti :H da;i w.as co-,trlictO o"' t m

o 1ri-' i i-; 'itil :od "or dra'.:i o, d : the 1,11e I o'.c
, tLe i e '-ontls or bi olo i cal -: :te ace o th 1;'-e.

. .',x 'i . ' T'.e on!y ec,,i i- eT ,r t. rea'ila\ '', l- t ,,,,c' so"- 'l YQColiCctjo:s 07t I.C:1 ! Cie :,hcrs.

I. I.:.:'" 'e £icliJ aad, visual. i'.<"ectc'sr's ",c',

22-C i1o 1 L v-,: i.',r.' :b,.Ce a:lte to siipaort tb. ( c,, ! s ons: o
tais re'oft. Seepage and stability analyses comparable to the
requirements of the "Recommended Guidelines for Safety Inspection
of Dams" were not available which is considered a deficiency. These
seepage and stability analysis should be performed for appropriate
loading conditions (including earthquake loads) and made a matter
of record.

c. Validity. Not applicable.

IVAIIIi'1' i170 C1C 0
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a. ("loncralI Visual iiis-<cto- of ":niie ~': an- ,:,is 'e 4

on 12 Tulo, 1 )7. 'ersonnal a~' thein coo eoc~lO'e

t'ho' itrict' ,con.s o' " fp'iacers , adinc bided a colo0-ist,
hvrnl c :I"ineranl soils en ,,ii acer. a Jo a-.1 .c;~i m:"Or

nb:tm. bsoc io tea -I. qeci 'ic oh;ra ns:'ro j:cso

Pr c'- <1)''. A toeaimwas constructed from local mate-
rials it probably consists of red silty clay with dolomite and chert

friwets iner ' 1-10~ redc. x' is thie result of weathering
oL the .Ioloyi -lito. * csoil renrosonts ti,-, ?ecent

:&alo l 2Snacn o'il1 'on the !b-iinc-nie for;"ati~on o' thio Cmr
Te.:.ee conists; o a tan to li <'t !!ro%.lo Fine 'o oi'i~u

~riednassivel'hy ~ <~ il' hard calzarous Joio' Ate
T:10 d q l.oc itex ill a Sol's 1i .ole 2.

c. Da-. c~c. Cite dam. has several eros ion 'lllies
onl 1-otht1 ea. t".0 :1adC. oe t sdsof t he cro::a Clos

:1 Ic~c '~-I~cSteVC!rAl ~ dol Mslope (see Photo 5). The crown

7>oto ot re an n~ukn.at xcolt Cor a llarro.; o Tt' Oh
thncr') 11- is ovcr-,re'"i, i..ith trees anL! "ass (so' to 2, 3nd

6) . T i',: aiinonict oF thec dc-a ais Shoan: inl the kechor Sated on
P1late (' is ' : towardl thie tdol.:nstream-. Th'le "."''s' aIned li ,
Penlt is VT ohi d ''- Cale I' con struct ion of) the dam onl the, r S i, tiA

e doil~r"e t the0 failed d i scus sed in'ir'r o2..

7 ased onl tie cr~o';-,,sect; ils nresontved oil lat ' all C",t
1uostrealr' eri alnlv- eat !has an nv:ix'r"'' slolo olf IV an2.T. he(0.1

at oanezla lnent s mei avery -tcl (1'V onil*'a' ~i'<~'
a;sananon Pltes 011. (S(,e Pihotos S) andl 6). A "') w

area:i 0; :r' i i s I nca ted oil t"e.0 as rn01 :0 W)ti'
at a e inostat ion .1+22 (Soe Ph t-os 7 andl VIC . hearea oin s

at el vation .1 feet, I-.-,.I. oil tile s lone and contintos downslope
t o th tI, o (c Ie(vat ion 753-7. 6F et : I.!;. I .).Tile area is s;ort and!
percoateos a sviat 11 iilitity of7 water.

Anl airea of Ii "ht sem Ce low i s locatcd a 'aetto 1 he
(lownsat-irli too e htiween base linle stations, 1+55 andt+!d Theo area
is soft and Seems,). less Ci:a n S i.On theo downst ream 51 on( o"~ thTe



left abIUtrient at station 4+72, a heavy flow of seenanoc he ins at
elevation 540.3S feet i. s.l. The quantity Of SCCenaoe' increases
goin!T downslone, until at the toe (see Phioto 9) the scenap!e flow-.
is ai 'rroximately 160 -gpm. Do%-.nstream of the too, the g~round
surface is soct. lipsione from the toe, thc area is covered vwith
rock fragme.ints ant' therefore the ground surface on the slope is
firmer. The left abutment seepage reportedly began about 1955 and
since then, there has been very little variation in the flow.

d. Annurtenant Structures. The snillway is located in the
ri-.bt autment and consists of a concrete weir and anron fsce
Photos 1r) thru 14). Two concrete walls a-mroxinatelv 6-7, 1eet hi~h
and 12.0 4 Feet long parallel th~e anron. The concrete in tl:e snil lwa\'i
is generally in good condition. A 'IV" shaned notch, 13 inches deep
is cnt into the concrete w:eir (see Photo 15). A ston lo- !i-s beeon
olIaced' on the lakecside of the notch to deoter the flay, of water

trfithe0 ntch. Trees and bushecs are proi-, adjacent ti thec

Alake-, drain consistin!7 of a pipec is connectedI tO ft 9-inIch
coaitro 1 valvre dorstea - the dam mbn:mn (see Phonto 16(:)
1.he valve is new,. an ! an-cari in- gTOOa cond',ition. eCs 0~ 1,'
unaccessible location ot' t!he kd rain, it coul not 11)0 s~etc

Reotd t:l: 1,ahe: level is loiweredi .eerv wint 2r 'hy t'he 1il~e

e. hOervoir .ra. "'o -,aae ase:xcorSsiVe eroSion, or slides
were0 observed a i n the shoro of the reservoir.

f. ownstrcxam Chiannel. Tedownstreanm chialnl is o''er-.row,1n
with trees a01u's Utdvis emo tao sL u (,C2 au1to 1)

i one o'~ the, Cnlditiouis O'soV\'ed1 ;Ire sino cn enca K to
indu-catce a noo! "or immc,-itI 0te reedt acio raSerioll.-,eet
o fal nrc. Vi aI .a 11 olhs rvedl ceaev~ta tion on" th",ell! ,ha a Ic t

an adjcont to theC s-ili may, an1d erosion a"zllies an! animalburov:
on tho'manmn crown are' (lfic i ec ies whiichi, left uncontrnlledl
or uncorrected, conl' lend to the development of potential problems.

7



SF:CT:In' 4 - 01PF.XTTON.AL r ,InC r7[11t I S

4.~~1 11 PR:IRU

The spil l,.ay is uncontrolled; therefore, no0 re,,,ilatin- p)ro-
cedlures exists 'or this structure. The valve controlled lahec
diin is util izel every inter to draw down the lake level for
biological lake imaintenlance.

412~I;r. OF IDAY

Little maintenance has b)een done as sh?,owni hw the vee'titive
2 row..th on the embhanknit andnj acent to the spi 1 lw'ay, and thle
erosion ullies and animal buirrows on the emban!kment crown.

4.3 1', 7-.XC OF. OPET-?, FACILITIFS

A new control valve has recently been installed. %To other

information is available conceinnin.- maintenance of the lake drain.

-4.4. DFSCITPTT1', OF AX Y .:A!" T'X SYST!"i I FFFECT

'rho inq'iection team i:; un1aware OF any existi-aC wnrnin-.
syste1 -;:Or this dan.

If thje uincontrolled ve~etation on thec eribanl-ent and akdi icent
to the sn iilway, andl the eros ion onl the eii'han1o~ieat crown: aro allowed
to Continue, potential problems could develope.

mom



SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. No design data are available.

b. Experience Data. The drainage area and lake surface area
are developed from USGS Patterson, Missouri Quadrangle. The spill-

way and dam layout are from surveys made during the inspection.

c. Visual Observations.

(1) The spillway and the exit channel are in good condition.

(2) Small trees and bushes are growing adjacent to the spill-

way and in the downstream channel.

(3) The spillway is located on the right abutment.

(4) The valve controlled lake drain could not be inspected

because of the unaccessible location.

d. Overtopping Potential. The spillway will pass 15 percent
of the Probable Maximum Flood (PMF), without overtopping the dam.

The Probable Maximum Flood (PMF) is defined as the flood discharge

that may be expected from the most severe combination of critical

meterologic and hydrologic conditions that are reasonably possible
in the region. For its size and hazard category, this dam is required

by the guidelines to pass from one-half PMF to PMF. However,

considering the high hazard potential to life and property of approx-
imately 3 families downstream of the dam, the spillwav size and/or

height of dam should be increased to pass the PMF, without over-

topping the dam. Because the spillway will not pass one-half of the
PMF without overtopping, the dam is classified as "unsafe noi-emer-

gency". The spillway will not pass the 100-year flood without over-

topping, which is a flood that has a one percent chance of being
exceeded in any given year.

The effect from rupture of the dam could extend approximately

2 miles downstream of the dam. There are approximately 3 inhabited
homes downstream of the dam which could be severely damaged and lives

of inhabitants could be lost should failure of the dam occur.

9



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of the dam and appur-

tenant structures are discussed and evaluated in SECTIONS 3 and 5. The
very steep downstream slope (IV on 1.8H) and the observed seepage areas
on 'or near this slope raise concern for the continued stability of this

dam. These conditions indicate that the stability safety factor of the
downstream slope may be extremely low when compared to the suggested
safety factors presented in the "Recommended Guidelines for Safety
Inspection of Dams", and that a potential for internal piping of embank-
ment and foundation material exists.

b. Design and Construction Data. The design and construction data
were limited to that information discussed in SECTION 2.

c. Operation Records. There have been no known operations which

have affected the structural stability of the dam.

d. Post Construction Changes. No post construction changes, other

than those referenced in paragraph a above, exist which will affect the
structural stability of the dam.

e. Seismic Stability. This dam is located in Seismic Zone 2.
However, it is located very near the boundary between seismic Zones 2
and 3. Since this dam is located in Seismic Zone 2 and the proximity of
Seistric Zone 5, it is possible that an earthquake could occur of sufficient

intensity to caust- severe damage or failure of the dam.

10



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. Several items were noted during the visual inspection
which should be corrected or controlled. These items are trees and bushes
on the embankment and adjacent to the spillway, erosion gullies and animal
burrows on the embankment crown, a very steep downstream slope, and observed
seepage. Seepage and stability analyses comparable to the requirements of
the "Recommended Guidelines for Safety Inspection of Dams" were not avail-
able which is considered a deficiency. These seepage and stability analyses

should be performed for appropriate loading conditions (including earthquake
loads) and made a matter of record. Also these analyses should be utilized
to detail the corrective actions called for in paragraph 7.2. The Probable
Maximum Flood (the design flood) and one half of the Probable Maximum Flood
will both overtop the dam.

b. Adequacy of Information. Due to the lack of engineering design
and construction data, the conclusions in this report were based on per-
formance history and external visual conditions. The inspection team
considers that these data are sufficient to support the conclusions herein.

c. Urgency. The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. The stability and seepage
analyses should be given priority by the owner and accomplished without
delay in order to determine if corrective measures are necessary. If the
safety deficiencies listed in paragraph 7.1a are not corrected in a
timely manner, they could lead to the development of potential problems.

d. Necessity for Phase II. Based on the results of the Phase I
inspection, no Phase II inspection is recommended.

e. Seismic Stability. This dam is located in Seismic Zone 2.
However, it is located very near the boundary between Seismic Zones 2
and 3. Since this dam is located in Seismic Zone 2 and the proximity of
Seismic Zone 3, it is possible that an earthquake could occur of sufficent
intens!ity to cause severe daii~age or failure of the dam.

7.2 REMEDIAL MEASURES

a. Alternatives. Spillway size and/or height of dam should be
increased to pass the Probable Maximum Flood without overtopping the

dam.

11



b. Perform seepage and stability analyses to assess the safety
concerns raised by the observed seepage, the saturated area on the
downstream slope, and the steep downstream slope. Use the results of
these analyses to design appropriate corrective measures.

c. 0 & M Maintenance and Procedures. The following 0 & M maintenance
and procedures are recommended:

(1) Remove trees and bushes on the embankment, adjacent to the
spillway, and in the downstream channel. Care should be taken during
removal not to destroy the existing conditions of the embankment, the
spillway, and the downstream channel.

(2) Establish and maintain a grass cover on the embankment.

(3) Repair the embankment crown where gullies and animal burrows
have formed.

(4) The downstream slope and toe should be closely monitored for
seepage and erosion. If seepage quantities and/or erosion observed
during monitoring indicate increases or signs of material being piped
from the embankment, immediate action shall be taken to rectify these
conditions.

(5) A detailed inspection of the dam should be made at least every
5 years by an engineer experienced in design and construction of dams.

12
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APPENDIX A

HYDROLOGIC COMPUTATIONS
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HYDROLOGIC COMPUTATIONS

1. HEC-1 was used to develop the inflow hydrograph for PMF and
hydrologic characteristic of drainage basin.

2. HEC-1 uses Snyder Method for developing synthetic unit hydro-

graphs with Clarks Modification.

Final Variables

Drainage Area 0.50 sq. mi.
Travel Time of Runoff 30 min.
Initial Loss of Ranifall 0.5 in.
Average Loss Rate 0.05 in./hr.

Ct 0.60
Cp 0.698

PMF Rainfall 26.9 in.
PMF Percentages 6 hr. 102

12 hr. 120
24 hr. 130

3. The inflow hydrograph was routed through the reservoir using
HEC-l's modified Puls option. The broad-crested weir equation
was used to calculate spillway discharges.

Spillway

C f 3.0

L 29.3

Top of Dam

C = 2.8
L = 200 feet (el, 557.0 feet m.s.l.)

250 feet (el. 557.5 feet m.s.l.)

4. PMF rainfall distribution, inflow hydrograph, and outflow
hydrograph are shown on Plate Al.

A-1
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PHOTO 2: Overview of LakeanDm



PHOTO 3: Crest of Damn

PHOTO 4: Overview of Concrete Core Wall



PHOTO 5: Concrete Core Wall in Vegetation
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PHOTO 6: Concrete Core Wall - Protruding Reinforcing



PHOTO 7: Downstream Slope

PHOTO 8: Erosion Gully on Downstream Slope



PHOTO 9: Large Tree on Downstream Slope

PHOTO 10: Seepage Along Downstream Toe
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PHOTO 11: Principal Spillway Weir

PHOTO 12: Principal Spillway -Bridge Crossing



PHOTO 13: Paved Section of Principal Spiliwav Channel

PHOTO 14: Pr in c ipaI S pi I Iwa v Cha nnel



PHOTO 15: Concrete Pad of Emergency Spillway (Foreground)

PHOTO 16: Lake Drain Discharge
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